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Abstract— A concept is described that could allow Holographic 
Data Storage with angular multiplexing using, uniquely, only one 
data writing beam; pre-recorded  ‘seed’ gratings are illuminated 
with one writing beam in order to produce a data grating.  
Keywords-Holographic Data Storage; Photopolymer; Grating,  
I.  INTRODUCTION  
In Holographic Data Storage (HDS) systems the storage of 
data, either in bit or page format, involves the recording of a 
grating or hologram [1]. Normally this means the use of two 
coherent laser beams, the splitting and manipulation of which 
makes the optical head bulky and complex. Efforts are 
constantly being made to simplify recording. A single beam 
data writing system would therefore have very considerable 
advantages in simplifying the data writing system in  HDS. 
The new concept described here could allow holographic 
data storage with angular multiplexing using only one data 
writing beam. In standard systems two beams interfere in the 
medium in order to create the holographic grating or hologram 
during the data writing step. For angular multiplexing the 
angles of incidence of the recording beams must be altered 
between recordings while maintaining the correct overlap 
within the medium and retaining interferometric stability. This 
necessitates a certain degree of complexity in the optical 
system. 
With the concept described here, a series of identical weak 
holographic gratings are multiplexed into the recording 
medium at the manufacturing stage, so that at the data writing 
stage these weak ‘seed’ gratings can be illuminated with a 
single beam in order to create new gratings. Diffraction at the 
‘seed’ grating provides the second interfering beam, thereby 
eliminating the need for two beams at the data writing stage.  
In order for this approach to work, the recording material 
used must respond appropriately to the single data writing 
beam. It must be capable of producing an altered diffracted 
(signal) beam, and it must only do so near the Bragg angle of 
the seed grating (for angular multiplexing).  
In many holographic recording materials illumination with 
a single beam of light (involving no interference pattern) while 
the material is still photosensitive will erase any existing 
grating.  However, it has been known for many years that the 
diffraction efficiency of gratings recorded in certain self 
developing polymer systems can be increased by single beam 
illumination [2], and we have used our own self-developing 
photopolymer to demonstrate the concept discussed here. 
Photorefractive materials can exhibit similar behavior, and 
although they form transient gratings, the process in our 
photopolymer is thought to be in some ways analogous to the 
weak beam/strong beam interactions in photorefractive 
crystals.  
The increase in diffraction efficiency that’s observed under 
single beam illumination in our photopolymer is thought to be 
due to a new grating formed by the interference between the 
single writing beam and the 1st order beam generated by 
diffraction at the pre-recorded weak grating. Since the 
recording processes are very rapid [3] in these materials, any 
increase in efficiency of the grating quickly produces a stronger 
reference (diffracted) beam, reducing the beam ratio and 
increasing the contrast in the interference pattern. This increase 
in contrast further enhances the refractive index modulation 
through the normal recording processes, in turn producing a 
stronger diffracted beam. In this way, quite weak gratings can 
‘seed’ the growth of relatively high diffraction efficiency 
gratings. When single beam illumination is perfectly on-Bragg 
the growth of the new grating is evidenced by an increase in the 
diffraction efficiency of the original grating. 
Our preliminary results support this view by demonstrating 
the reduced response as the writing beam is moved away from 
the Bragg angle of the ‘seed’ grating. Our results also 
demonstrate the ease with which the ‘seed’ gratings can be 
enhanced ( or new gratings created ) with one writing beam. In 
our photopolymer, gratings of less than 1% efficiency can be 
‘enhanced’ with a single beam to give diffraction efficiencies 
many times greater than the original value. The Bragg 
selectivity of the recording process and the recorded data 
gratings is also demonstrated.  
Both bit-wise and page-wise recording formats would be 
possible with this single writing beam approach.  In the 
simplest case of a bit-wise data storage system, the diffraction 
efficiency of the pre- recorded  ‘seed’ grating is altered using 
the single data writing beam, so that at read-out, the diffraction 
efficiency is greater. The enhanced grating represents bit ‘1’ 
and an unchanged seed grating represent bit ‘0’. In a page-wise 
approach, the single beam used at the data writing stage is 
spatially modulated to encode a data page. This results in a 
spatial modulation in the intensity of the diffracted beam.  
In either the bit-wise or page-wise data storage system the 
regular two incident beam holographic recording process is 
only needed during manufacture, removing the complexity of 
two-beam recording from the end user’s data writing system, 
while retaining the advantages of angular multiplexing and 
large storage capacity. The end user then requires a much 
simpler optical system with only one writing beam to write the 
data to the ‘blank’ disk.  
II. RESULTS    
 
Figure 1 demonstrates the grating enhancement, or 
diffraction efficiency increase produced in our photopolymer 
when a pre-recorded grating is illuminated on-Bragg with only 
one of the original writing beams. A standard two-beam  
recording of 2s duration of a grating with spatial frequency 500 
lines/mm is followed by a 25s delay, then single beam 
exposure starts at 27s.  
In this example the diffraction efficiency is observed to 
increase from below 2% to 20% in the first 70 seconds of 
single beam exposure. The photopolymer formulation is the 
standard formulation that we have previously described in [3]. 
 
Figure 1.  Diffraction efficiency versus time during the single beam 
illumination process: A standard two-beam holographic recording of 2 s to 
form a grating with spatial frequency 500 lines/mm is followed by a 25s 
delay, and then exposure to just one of the recording beams.  
 
Figure 1 shows that significant diffraction efficiency 
increase is possible from exposure to a single on Bragg 
recording beam. This is a far higher increase than would be 
necessary to create a strong signal in a data recording system. 
In a real system it would, of course, be necessary to multiplex a 
large number of gratings in the same photopolymer layer, so 
the effect of writing off-Bragg was also studied. A series of 
gratings were recorded using the single beam exposure method 
described above, except that the angle of incidence of the 
single beam was varied slightly on either side of the Bragg 
angle. 
Figure 2 is a graph showing Bragg curves (the variation of 
diffraction efficiency with angle of incidence of the reading 
beam) for a series of gratings recorded using a single beam to 
illuminate a pre-recorded seed grating. The pre-recorded 
gratings were identical, but in each case the single exposing 
beam was offset by a different amount from the original writing 
angle. The Bragg curves shown here were obtained by 
scanning a reading beam through a range of angles close to the 
Bragg angle of the original seed grating. The original seed 
grating diffraction efficiencies were close to 1.3% in each case 
and the photopolymer thickness was 135 microns. The spatial 
frequency of the seed grating was 500lines /mm. 
 
Figure 2.   Bragg curves  for a series of gratings formed using the single 
beam process using different angles of  incidence of the single writing beam. 
The gratings were recorded in different photopolymer layers, but are shown 
here on on one graph for comparison purposes. The arrows indicate the offset  
(in degrees) from the  Bragg angle  of the seed grating (0o). There are two 
identical recordings at each angle. 
 
A number of observations may be made from figure 2: 
 (1) As the illuminating beam moves further away 
from the seed grating’s Bragg angle the final diffraction 
efficiency is less under the same exposure conditions. This is 
probably due to the reduced coupling between the single 
writing beam and the pre-recorded grating.  
 (2) At this spatial frequency and wavelength (532nm), 
at angles more than 1.5 degrees from the Bragg angle there is 
no new grating of significant efficiency formed.  This is 
important for the design of any multiplexing system based on 
this process, as a balance will need to be struck between 
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minimization of crosstalk, maximization of the storage capacity 
and the ratio of the number of seed gratings to the number of 
data gratings.   
 (3) Despite a slight asymmetry in the Bragg curve, the 
width of the Bragg curve is only slightly greater in gratings 
formed through single beam recording compared to that of a 
regular two-beam grating in the same sample thickness.  
 (4) The graph shows that there is a possibility of choosing 
the angular position of the final grating by illuminating slightly 
off-Bragg. 
Finally, it can be observed from Figure 2 that each of the 
secondary gratings have Bragg curves shifted in the direction 
of the angular offset of the single beam used to write them. 
This indicates that there is a tilt in the grating fringes of each 
secondary grating that depends on the angle of incidence of the 
writing beam. This relationship between the incident angle of 
the single writing beam and the position of the Bragg peak for 
the recorded grating is further evidence for the mechanism of 
enhanced grating formation proposed above. If the new grating 
is produced by the interference between the single writing 
beam and the first order beam produced by the pre-recorded 
grating, its Bragg angle would be expected to shift linearly with 
the shift in the writing beam. Figure 3 shows the Bragg peak 
position plotted against the angle of incidence of the single 
writing beam. The linearity is strong evidence for the idea that 
the grating enhancement process depends on the interference 
between the first and zero order beams. This also has 
interesting implications for data storage applications because it 
means that one seed grating can be used to create a data grating 
at a range of angles near to the seed grating’s Bragg angle. 
 
Figure 3.   Angular position of the Bragg curve versus single  beam angle of 
incidence (relative to the Bragg angle for the seed grating) from the data 
shown in Figure 2. 
An offset was always observed (approximately 0.5 degrees 
at this thickness) that we have not yet fully explained, but it 
may be related to the tilt observed in fringes created when a 
strong and a weak beam interact in photorefractive materials 
[4].  
Future work will include the demonstration of simple bit-
wise and page-wise data storage systems with single beam data 
writing, as well as further investigation into the recording 
process, and demonstration in other self-developing materials. 
CONCLUSIONS    
We have demonstrated that if a weak diffraction grating is 
recorded in our photopolymer, then a single light beam 
subsequently interacting with this grating can produce a new 
grating many times stronger than the original [5]. Depending 
on the angle of incidence of the single beam the new grating 
can be superimposed on the original one or be angularly shifted 
with respect to it.  It is proposed that the pre-recorded grating 
diffracts the light out of the single illuminating beam to 
produce a weak second beam, which, interfering with the first, 
creates an interference pattern that the material is capable of 
recording. The contrast of the pattern is undoubtedly low, but if 
the single illuminating beam is perfectly on-Bragg, this 
recording will re-enforce the original grating. In our system 
such significant diffraction efficiency increase only occurs with 
when the angle of single beam illumination is at, or very close 
to, the Bragg angle for the pre-recorded grating. This means 
that in a data recording system individual gratings will be 
illuminated and their diffraction efficiency increased while 
others remain unchanged.  Work is underway to prove the 
concept in data recording systems for bit-wise and page-wise 
recording.   
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